The unusual helium-rich (type Ib) supernova SN 2005E is distinguished from all supernovae hitherto observed by its faint and rapidly fading light curve, prominent calcium lines in late-phase spectra and lack of any mark of recent star formation near the supernova location. These properties are claimed 1 to be explained by a helium detonation in a thin surface layer of an accreting white dwarf. Here we report that the observed properties of SN 2005cz, which appeared in an elliptical galaxy, resemble those of SN 2005E. We argue that these properties are best explained by a core-collapse supernova at the low-mass end (8-12 solar masses) of the range of massive stars that explode 2 . Such a low-mass progenitor lost its hydrogen-rich envelope through binary interaction, had very thin oxygen-rich and silicon-rich layers above the collapsing core, and accordingly ejected a very small amount of radioactive . Thus, SN 2005cz would have originated from a core-collapse of an envelopestripped massive star. We tentatively assume that the epoch of our first spectrum is at t 5 126 days, where t is time after the maximum brightness ( Fig. 1 (Fig. 2) , the mass of the progenitor is estimated to be ,12-15M [ (refs 10, 11), which is the smallest among well-studied samples with [Ca II] , [O I] (see, for example, refs 9, 12, 13; see also Supplementary Fig. 3) (cyan) 19 , and type Ic SN 1994I at t 5 17 days (magenta) and t 5 126 days (green) 20, 21 . The type Ib is characterized by strong helium lines and weak silicon lines, while in the type Ic both helium and silicon lines are weak. The type IIb shows a type II-like spectrum characterized by the strong hydrogen features at early times, and becomes type Ib/c-like at late times. All these supernovae are thought to have partly or fully stripped off their outer layers of hydrogen and helium before the explosions. The epochs are also shown in the figure. The overall appearance of spectral features in SN 2005cz is quite similar to those of the type Ib SN 2000H at t 5 129 days, the type IIb SN 1993J at t 5 124 days (despite its stronger H lines), and also the typical type Ic SN 1994I at t 5 126 days (despite its lack of the strong He lines). The spectra are corrected for the host redshift and the reddening. We adopted a total (Milky Way 1 host) reddening of E(B 2 V) 5 0. 
The unusual helium-rich (type Ib) supernova SN 2005E is distinguished from all supernovae hitherto observed by its faint and rapidly fading light curve, prominent calcium lines in late-phase spectra and lack of any mark of recent star formation near the supernova location. These properties are claimed 1 to be explained by a helium detonation in a thin surface layer of an accreting white dwarf. Here we report that the observed properties of SN 2005cz, which appeared in an elliptical galaxy, resemble those of SN 2005E. We argue that these properties are best explained by a core-collapse supernova at the low-mass end (8-12 solar masses) of the range of massive stars that explode 2 . Such a low-mass progenitor lost its hydrogen-rich envelope through binary interaction, had very thin oxygen-rich and silicon-rich layers above the collapsing core, and accordingly ejected a very small amount of radioactive 56 Ni and oxygen. Although the host galaxy NGC 4589 is an elliptical, some studies have revealed evidence of recent star-formation activity 3 , consistent with the core-collapse model.
We discovered SN 2005cz on 2005 July 17.5 UT in the elliptical galaxy NGC 4589. The spectrum of SN 2005cz taken on July 28 is consistent with post-maximum spectra of type Ib supernovae 4 . Thus, SN 2005cz would have originated from a core-collapse of an envelopestripped massive star. We tentatively assume that the epoch of our first spectrum is at t 5 126 days, where t is time after the maximum brightness ( Fig. 1; Supplementary Information section 1 (Fig. 2) , the mass of the progenitor is estimated to be ,12-15M [ (refs 10, 11) , which is the smallest among well-studied samples with [Ca II] , [O I] (see, for example, refs 9, 12, 13; see also Supplementary Fig. 3 ). Thus, the progenitor mass of SN 2005cz is likely to have been #12-15M [ . 18 , type IIb SN 1993J at t 5 18 days (blue) and t 5 124 days (cyan) 19 , and type Ic SN 1994I at t 5 17 days (magenta) and t 5 126 days (green) 20, 21 . The type Ib is characterized by strong helium lines and weak silicon lines, while in the type Ic both helium and silicon lines are weak. The type IIb shows a type II-like spectrum characterized by the strong hydrogen features at early times, and becomes type Ib/c-like at late times. All these supernovae are thought to have partly or fully stripped off their outer layers of hydrogen and helium before the explosions. The epochs are also shown in the figure. The overall appearance of spectral features in SN 2005cz is quite similar to those of the type Ib SN 2000H at t 5 129 days, the type IIb SN 1993J at t 5 124 days (despite its stronger H lines), and also the typical type Ic SN 1994I at t 5 126 days (despite its lack of the strong He lines). The spectra are corrected for the host redshift and the reddening. We adopted a total (Milky Way 1 host) reddening of E(B 2 V) 5 0. SN 2005cz is intrinsically fainter than the well-studied type Ic SN 1994I by DR < 1.5 mag (Fig. 3) . In the pseudobolometric light curve, the decline rate from the intermediate to the late phase is consistent with M 2 ej, 8 .
E 51 ƒ1, and the luminosity requires that M( (Fig. 4) . (Here M ej,[ is the mass of ejecta in units of solar mass, and E 51 is the kinetic energy of ejecta in units of 10 51 erg.) Additionally, (M ej,[ /E 51 ) < 1 is suggested from the line velocity (Fig. 4 legend) . We thus estimate M ej,[ # 1 and E 51 # 1, indicating a small progenitor mass (#12M [ ; refs 2, 14) .
To explain the above peculiarities, we suggest a star with M ms 5 10-12M [ as the most likely origin of SN 2005cz. If such a star had been single, its mass (and thus its mass loss rate) would have been too small to lose most of its H-rich envelope. Thus this star must have been in a close binary system. Then it became a He star of ,2.5M [ after undergoing Roche lobe overflow. This He star formed a C1O core of ,1.5M [ , which marginally exceeded the lower mass limit to form a Fe core 15, 16 . The overlying He layer had a mass of ,1M [ . Eventually, the He star underwent Fe core-collapse to explode as a type Ib supernova, leaving a ,1.5M [ neutron star behind. The ejecta had mass of ,1M [ , consistent with the observed constraint. The ejecta consisted mostly of unburned material in the He layer and a small amount of explosively synthesized elements. The explosive burning products contain some Fe, Ca, S and Si, but not much oxygen. Also, the ejected part of the unburned oxygen-rich layer is extremely small. This scenario can explain the peculiar nebular spectrum with large [Ca II]/[O I] ratio, as well as the low luminosity and its relatively rapid decrease.
An alternative candidate for the progenitor is a star with M ms < 8-10M [ in a close binary system. Such a star forms an electrondegenerate O1Ne1Mg core and undergo electron-capture-induced collapse 16 . The most likely scenario to realize a type Ib supernova would be the merging of an O1Ne1Mg white dwarf and a He white dwarf. The delay time between the star formation and the merging could be long enough to explain the origin of both SN 2005cz and the recently reported SN 2005E 1 with this scenario. As for the host galaxy problem, the ,10M [ star model is found to be consistent with the properties recently inferred for the host galaxy of SN 2005cz. It is still a genuine E2 galaxy 17 , but has a relatively young stellar population with life times of ,10 7 -10 8 years (ref.
3) and the type Ib SN 2005cz is likely to have been the end product of one of these young stars (see Supplementary Information section 2) .
The mass range of 10-12M [ has not been theoretically investigated in much detail so far, but, as the data from SN 2005cz suggest, the supernovae resulting from these stars may have a very special abundance pattern in their ejecta and play an important role in the chemical evolution of galaxies (see Supplementary Information section 3 ). 23 , and peculiar (possibly type I) SN 2008ha at t 5 165 days (yellow) 24 . As time goes by, the ejecta become transparent to optical light, following the expansion and density decrease. We assume R V 5 3.1 to convert the colour excess to the R-band extinction. The data points, as well as the distance and the reddening, are from the literature 19, [24] [25] [26] [27] . 14, 29, 30 . As this is a very crude estimate, we adopt an error bar of 60.5 mag for the bolometric luminosity. The deposition models adopt the c-ray opacity for the Compton scattering (t c ! M .
E 51 ƒ1. Combining this expression with (M ej,[ /E 51 ) < 1 as indicated by the similarity in the absorption velocity seen in SN 2005cz and those in SN 1993J and SN 1994I (Fig. 1, Supplementary Fig. 1 
